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In the title compound, {(NH 4 )[Ag(C 5 HN 2 0 6 ) 2 (H 2 0)]}„, the 
Ag 1 cation is seven-coordinated and is surrounded by four oxo 
O atoms of the 2,3,5,6-tetraoxo-4-nitropyridin-4-ide species 
[Ag-O = 2.3848 (19), 2.4931 (18), 2.5361 (18) and 
2.573 (2) A], two nitro O atoms [Ag— O = 2.644 (2) and 
2.661 (2) A], and one water molecule [Ag— O = 
2.3133 (19) A]. The pyridin-4-ide mono-anions act as poly- 
dentate bridging ligands and form a three-dimensional 
network that is stabilized through O— H- ■ O and N— H- ■ O 
hydrogen bonds involving the coordinating water molecule 
and the imide function as donator groups. The ammonium 
cations are located in the cavities of the framework and are 
also involved in hydrogen bonding to O atoms of the ligand. 




nNH 4 + - 



Experimental 

Crystal data 

(NH4)[Ag(C 5 HN 2 0 6 ) 2 (H 2 0)] 

M r = 514.08 

Monoclinic, Pl^/c 

a = 8.784 (2) A 

b = 18.551 (4) A 

c = 9.195 (2) A 

/3 = 90.70 (3)° 

Data collection 

Enraf Nonius CAD-4 
diffractometer 

Absorption correction: part of the 
refinement model (AF) 
(Walker & Stuart, 1983) 
T min = 0.406, r m;lx = 0.798 



Refinement 

R[F 2 > 2a(F 2 )] -- 
wR(F 2 ) = 0.066 
S = 1.09 
2768 reflections 
283 parameters 
11 restraints 



0.021 



-in 



V = 1498.2 (5) A 3 
Z = 4 

Mo Ka radiation 
/x = 1.44 mnT 1 
T = 293 K 

0.35 x 0.31 x 0.08 mm 



2952 measured reflections 
2768 independent reflections 
2094 reflections with / > 2a(I) 
R iM = 0.014 

3 standard reflections every 60 min 
intensity decay: none 



H atoms treated by a mixture of 
independent and constrained 
refinement 

A/w = 0.42 e A~ 3 

Apmin = -0.58 e A~ 3 



Related literature 

For reviews of 1,2-dicarbonyl compounds, see: Aldoshin 
(2008); Ohba & Okawa (2000). The synthesis and crystal 
structures of ammonium and sodium 2,3,5,6-tetraoxo-4-nitro- 
pyridinates have been reported previously (Palkina et al, 
2000; Kuzmina et al, 2004). The structure of the organic anion 
in its hexaaqua metal salts is described by Kovalchukova et al. 
(2003 and 2013). For references to related structures of metal 
complexes with cyclic poly oxo compounds, see: Coronado et 
al. (2007); Kitagawa & Kawata (2002). 



Table 1 



Hydrogen-bond 


geometry (A, °). 








D-H ■ A 


D-H 




D-A 


D-H-A 


N4-H4- ■ Oil' 


0.86 


2.18 


2.979 (3) 


155 


N10-H10- ■ 02 


0.86 


2.26 


2.945 (3) 


137 


N10-H10- ■ 03 


0.86 


2.29 


3.030 (3) 


144 


Ol-Hll---O131 i 


0.80 (3) 


2.06 (3) 


2.851 (3) 


177 (5) 


01-H12-O8"' 


0.80 (3) 


2.02 (3) 


2.781 (2) 


160 (3) 


N2-H21-06 iv 


0.83 (2) 


2.16 (2) 


2.962 (3) 


163 (3) 


N2-H22---072 v 


0.83 (2) 


2.20 (2) 


2.998 (3) 


160 (3) 


Symmetry codes: (i 


x — 1, v, z; (ii) x 4 


2,y-i-z- 


-i; (iii) -x+l.y- 




-.Y+l,V+i, -Z + 


1; (v) -x + 2, y + \, 


-z + i 







Data collection: CAD-4-PC (Enraf-Nonius, 1993); cell refinement: 
CAD-4-PC; data reduction: CAD-4-PC; program(s) used to solve 
structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine 
structure: SHELXL97 (Sheldrick, 2008); molecular graphics: 
SHELXTL (Sheldrick, 2008); software used to prepare material for 
publication: CIFTAB97 and SHELXL97. 
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catena-Po\y [ammonium [aquabis(/<-2,3,5,6-tetraoxo-4-nitropyridin-4- 
ido)argentate(l)]] 

Nguyen Dinh Do, Olga Kovalchukova, Adam Stash and Svetlana Strashnova 
Comment 

1,2-dicarbonyl compounds attract great interest because of the features of their structure and high reactivity. One of the 
simplest representatives of them is oxalic acid. As described by S. Aldoshin (Aldoshin, 2008), bimetallic coordination 
polymers based on oxalate and thiooxalate bridging ligands possess different types of magnetic activity and can 
intercalate complex organic molecules and ions. These have been extensively used as building units in supramolecular 
coordination systems (Ohba & Okawa, 2000). The replacement of oxalate anions by other 1 ,2-dicarbonyl cyclic 
compounds may be of interest from the synthetic and practical point of view. As an example (Coronado et ah 2007), the 
paramagnetic and chiral anion [Fe(C 5 0 5 )3] 3 " has been combined with the organic donor BEDT-TTF DET (bis(ethylenedi- 
thio)tetrathiafulvalene) to synthesize a novel paramagnetic semiconductor with the first chirality-induced a-phase, 
a-(BEDT-TTF)5[Fe(C505)3].5H 2 0, and one of the few known paramagnetic molecular metals, /?-(BEDT- 
TTF)5[Fe(C505)3].C6H 5 CN. The variety of coordination modes, some geometric characteristics as well as electrical, 
magnetic and other properties of coordinate compounds of dibenzoquinone- 1 ,4 derivatives of a general formula H2C6O+X2 
are summarised by S. Kitagawa and S. Kawata (Kitagawa & Kawata, 2002). The present paper deals with the crystal 
structure determination of ammonium-silver 2,3,5,6-tetraoxo-4-nitropyridinate monohydrate (NH 4 ) 
[Ag(C5HN 2 06)2(H 2 0)]. The molecular structure of the above substance consists of Ag(I) and ammonium cations, two 
crystallographically unequivalent 2,3,5,6-tetraoxo-4-nitropyridinate mono anions, and one coordinated water molecule. 
Each of the Ag(I) cation displays sevenfold coordination by 02, 05, 08, and 01 1 of the keto-groups of the organic 
species. The Ag— O distances are 2.3848 (19); 2.4931 (18); 2.5361 (18); and 2.573 (2) A. Two coordinate bonds involve 
the O atoms of the nitro-group of the organic anion (2.644 (2) and 2.661 (2) A). The shortest distance in the coordination 
sphere of Ag(I) involves the coordinated water molecule (2.3133 (19) A). The 2,3,5,6-tetraoxo-4-nitropyridinate anions 
act as polydentate bridging ligands. This coordination mode leads to formation of polymer chains. The coordination does 
not change significantly the C — O distances of the ligand comparing with its ammonium and sodium salts (Palkina et ah, 
2000; Kuzmina et ah, 2004). The corresponding bond lengths are in the range 1.224 (3) to 1.220 (3) A for the nitro- 
diketone fragment, and 1.210 (4) to 1.215 (4) A for the amide fragment. These two fragments of the organic mono anion 
are connected by an almost single C — C bonds (C2 — C3 length is 1.531 (4), and C5 — C6 length is 1.544 (4) A). The 
ammonium cation has the outer sphere character, and forms bridging H-bonds with the O atoms of the organic anions 
linking the polymer chains into three-dimensional structure. The H atoms of the coordinated water molecules are also 
involved into the H-bonding. 
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Experimental 

Single crystals of CioHgAgNsOn were grown by the slow evaporation of the ethanol solution of the 1 -to- 1 molar mixture 
of silver nitrate and ammonium 2,3,5,6-tetraoxo-4-nitropyridinate. 

Refinement 

The structure of of (NH4)[Ag(C5HN 2 06)2(H 2 0)] was solved by direct method and all non-hydrogen atoms were located 
and refined in anisotropically. All the hydrogen atoms were located in difference electron density syntheses and their 
positions refined subject to chemically reasonable restraints. 

Computing details 

Data collection: CAD-4-PC (Enraf-Nonius, 1993); cell refinement: CAD-4-PC (Enraf-Nonius, 1993); data reduction: 
CAD-4-PC (Enraf-Nonius, 1993); program(s) used to solve structure: SHELXS97 (Sheldrick, 2008); program(s) used to 
refine structure: SHELXL97 (Sheldrick, 2008); molecular graphics: SHELXTL (Sheldrick, 2008); software used to prepare 
material for publication: CIFTAB97 and SHELXL97 (Sheldrick, 2008). 




Figure 1 

ORTEP view of (NH4)[Ag(C5HN 2 06)2(H 2 0)] with atom labeling scheme (displacement ellipsoids are drawn at the 50% 
probability level for non-hydrogen atoms). 
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Figure 3 

Molecular packing in the crystal of the complex along the crystallographic axis c. 
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cate/ja-Poly[ammonium [aquabisfy/-2,3,5,6-tetraoxo-4-nitropyridin-4-ido)argentate(l)]] 



Crystal data 

(NH 4 )[Ag(C 5 HN 2 0 6 ) 2 (H 2 0)] 

M r = 514.08 

Monoclinic, Pl\lc 

Hall symbol: -P 2ybc 

a = 8.784 (2) A 

b= 18.551 (4) A 

c = 9.195 (2) A 

^ = 90.70 (3)° 

V= 1498.2 (5) A 3 

Z = 4 

Z)ata collection 

Enraf Nonius CAD-4 

diffractometer 
Radiation source: fine-focus sealed tube 
/Milter monochromator 
colld scans 

Absorption correction: part of the refinement 
model (AF) 

Walker & Stuart (1983) 
7^ = 0.406,7^ = 0.798 
2952 measured reflections 

Refinement 

Refinement on F 

Least-squares matrix: full 

R[F>2a(F)] =0.021 

wR(F) = 0.066 

S = 1.09 

2768 reflections 

283 parameters 

11 restraints 

Primary atom site location: structure-invariant 
direct methods 



F(000)= 1016 

D x = 2.279 Mg nr 3 

Mo Ka radiation, 1 = 0.71073 A 

Cell parameters from 25 reflections 

6= 9.3-11.8° 

/j, = 1 .44 mirT 1 

T=293 K 

Plate, dark yellow 

0.35 x 0.31 x 0.08 mm 



2768 independent reflections 
2094 reflections with I > 2a(I) 
R iBt = 0.014 

^max 25.5 , $min 2.2 

h = 0— >10 
k= 0-.-22 
/ = —11 — ^11 

3 standard reflections every 60 min 
intensity decay: none 



Secondary atom site location: difference Fourier 
map 

Hydrogen site location: difference Fourier map 
H atoms treated by a mixture of independent 

and constrained refinement 
w = l/[a 2 (F a 2 ) + (0.045 IP) 2 + 0.0506P] 

where P = (F 0 2 + 2F 2 )/3 
(A/<7) max = 0.001 
A/w = 0.42 e A" 3 
Ap mm = -0.58 e A" 3 



Special details 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two l.s. planes) are estimated using the full 
covariance matrix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and 
torsion angles; correlations between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. 
An approximate (isotropic) treatment of cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 
Refinement. Refinement of F against ALL reflections. The weighted P-factor wR and goodness of fit S are based on F, 
conventional i?-factors R are based on F, with F set to zero for negative F. The threshold expression of F > o(F) is used 
only for calculating P-factors(gt) etc. and is not relevant to the choice of reflections for refinement. i?-factors based on F 
are statistically about twice as large as those based on F, and R- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 



X y Z U ISO */Ueq 

Agl 0.68914 (2) 0.518350 (10) 0.16959 (2) 0.03092 (9) 

01 0.6981 (2) 0.43383 (10) -0.0151 (2) 0.0367(4) 

02 0.49428(18) 0.55092(10) 0.3355 (2) 0.0337(4) 
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U 11 
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(J5 
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A AA1 1 /1 AA 

—0.0011 (10) 


XT /I 

JN4 


A AO AA /OA 

O.OzOO (y) 


A (\1 \ / 1 A A 

0.03 lo (10) 


a ni 1 1 
0.03 13 


/1 1 A 

(11) 


A AA/1A /OA 

0.0040 (o) 


A AA1 *7 /0\ 

— U.OOl / (o) 


a nnni /oa 
0.0003 (y) 


XT*7 
JN / 


A AOO 1 /1 A A 

o.ozyi (io) 


A A'l A^ / 1 1 \ 

0.030J (11) 


O.Oloo 


/OA 

(9) 


A AA/IO /OA 

0.004Z (o) 


A A A 1 A (H \ 

— U.UU14 ( /) 


A AAOO /OA 

O.OOzz (o) 


JN10 


A A 1 A1 /AA 

0.0 iy3 [y) 


A AO ZH / 1 A A 

U.UZO / (10) 


A AO C 1 


/■I A A 

(10) 


A A AO A {H\ 

— 0.00z4 (/) 


A A AO C fH\ 
— (J.UOZJ (/) 


A AA1 1 /OA 

-0.0033 (8) 


JN 13 


0.0z3Z (y) 


A AOO /I /1 A A 

0.0za4 (10) 


A AT2/I 

0.0Z34 


/1 A A 

(10) 


A AA1 A /OA 

— 0.0014 (o) 


A AAAC f~I\ 

— (j.uUUd (1) 


A AAl A /OA 

—0.0030 (5) 


CI 


A AO 1/1 n 1 \ 

0.0zl4 (11) 


A A1 A/1 / 1 O A 

0.0304 (lz) 


A A1 no 

0.01 /o 


(11) 


A AAOI /OA 

0.00z3 \y) 


A AA 1 C /Q\ 

— O.OOIj (o) 


A AAAO /AA 

— o.oooz (y) 


Cz 


A A 1 AC /I A \ 
U.Ulyj (1U) 


A A'l 11 /1 OA 

0.0311 (lz) 


A A1 

O.OIoj 


/1 A A 

(10) 


A AAAO /OA 

— 0.000Z (y) 


A AAA/1 /OA 

U.UUU4 (o) 


A AA1 A /OA 

—0.0034 (y) 


C3 


A AO A A / 1 1 A 

0.0z44 (11) 


A AOA 1 / 1 1 a 

o.ozyi (13) 


A AOjC/C 

O.Ozoo 


/1 oa 

(12) 


A AAAT /1 A A 

—0.000 / (10) 


A AAOA /AA 

— (J.UOzO (y) 


A AACA /AA 

-o.oo^y (y) 


CD 


A AOl /I / 1 1 A 

0.0Z34 (11) 


A AO. C/i /1 O A 

0.033O (13) 


A AOAO 

O.OzOz 


/1 1 A 

(11) 


A AA 1 O /I A A 
— 0.0018 (10) 


A AA1 O /OA 

—0.0015 (5) 


A AAOA /1 AA 
O.OOzy (10) 


v U 


U.(JZH-_> 1 1 1 1 


U.UjUU \ azj 


0 01 84 




—0 009? fQ^. 
u.wuzz i y ) 


— 0 001 ^ /'Q^ 

W.WW 1 J 1 ^ 


0 001 1 ^0^ 
U.UU 1 1 yy ' 


C7 


0.0211 (11) 


0.0239(10) 


0.0204 


(11) 


-0.0023 (9) 


-0.0028 (8) 


0.0001 (9) 


C8 


0.0197(10) 


0.0250(11) 


0.0187 


(10) 


0.0006 (8) 


-0.0022 (8) 


-0.0022 (9) 


C9 


0.0221 (11) 


0.0269(11) 


0.0218 


(11) 


-0.0003 (9) 


-0.0013 (9) 


-0.0024 (9) 


Cll 


0.0250(11) 


0.0257(11) 


0.0157 


(10) 


0.0020 (9) 


-0.0015 (8) 


-0.0002 (9) 


C12 


0.0202(11) 


0.0257 (11) 


0.0207 


(10) 


0.0020 (9) 


0.0001 (8) 


0.0005 (9) 



Geometric parameters (A, °) 


Agl— 01 


2.3133 (19) 


0132— N13 


1.225 (3) 


Agl— 02 


2.3848 (19) 


0132— Agl 1V 


2.661 (2) 


Agl— 08' 


2.4931 (18) 


N2— H21 


0.832 (19) 


Agl— Oil 


2.5361 (18) 


N2— H22 


0.83 (2) 


Agl— 05" 


2.573 (2) 


N2— H23 


0.830 (19) 


Agl— 072 


2.644 (2) 


N2— H24 


0.827 (19) 


Agl— 0132' 


2.661 (2) 


N4— C5 


1.364 (3) 


01— Hll 


0.80 (3) 


N4— C3 


1.373 (3) 


01— H12 


0.80 (3) 


N4— H4 


0.8600 


02— C2 


1.224 (3) 


N7— CI 


1.417(3) 


03— C3 


1.212(3) 


N10— Cll 


1.366 (3) 


05— C5 


1.206 (3) 


N10— C9 


1.373 (3) 


05— Agl iu 


2.573 (2) 


N10— H10 


0.8600 


06— C6 


1.218 (3) 


N13— C7 


1.423 (3) 


071— N7 


1.235 (3) 


CI— C2 


1.417(3) 


072— N7 


1.239 (3) 


CI— C6 


1.434 (3) 


08— C8 


1.225 (3) 


C2— C3 


1.534 (3) 


08— Agl" 


2.4931 (18) 


C5— C6 


1.546 (3) 


09— C9 


1.206 (3) 


C7— C12 


1.417(3) 


Oil— Cll 


1.203 (3) 


C7— C8 


1.419(3) 


012— C12 


1.223 (3) 


C8— C9 


1.544 (3) 


0131— N13 


1.235 (3) 


Cll— C12 


1.539 (3) 


01— Agl— 02 


132.26 (6) 


C5— N4— H4 


117.9 


01— Agl— 02 


132.26 (6) 


C3— N4— H4 


117.9 


02— Agl— 02 


0.00 (5) 


071— N7— 072 


120.3 (2) 


01— Agl— 08' 


96.52 (7) 


071— N7— CI 


119.6(2) 


02— Agl— 08' 


86.50 (7) 


072— N7— CI 


120.0 (2) 


02— Agl— 08' 


86.50 (7) 


Cll— N10— C9 


124.3 (2) 


Ol— Agl— Oil 


153.27 (7) 


Cll— N10— H10 


117.8 
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02— Agl— Oil 


73.76 (6) 


C9— N10— H10 




117.8 


02— Agl— Oil 


73.76 (6) 


0132— N13— 0131 




121.6 (2) 


08'— Agl— Oil 


76.73 (7) 


0132— N13— C7 




120.24 (19) 


01— Agl— 05" 


97.02 (7) 


0131— N13— C7 




118.21 (19) 


02— Agl— 05" 


107.42 (7) 


N7— CI— C2 




119.23 (19) 


02— Agl— 05" 


107.42 (7) 


N7— CI— C6 




119.3 (2) 


08'— Agl— 05" 


144.87 (6) 


C2— CI— C6 




121.5 (2) 


Oil— Agl— 05" 


76.64 (7) 


02— C2— 02 




0.00(16) 


01— Agl— 072 


87.67 (7) 


02— C2— CI 




128.4 (2) 


02— Agl— 072 


62.25 (7) 


02— C2— CI 




128.4 (2) 


02— Agl— 072 


62.25 (7) 


02— C2— C3 




113.3 (2) 


08'— Agl— 072 


139.31 (6) 


02— C2— C3 




113.3 (2) 


Oil— Agl— 072 


114.48 (7) 


CI— C2— C3 




118.3 (2) 


05"— Agl— 072 


73.55 (6) 


03— C3— 03 




0.0 (2) 


01— Agl— 0132 1 


78.24 (6) 


03— C3— N4 




121.8(2) 


02— Agl— 0132' 


141.23 (6) 


03— C3— N4 




121.8(2) 


02— Agl— 0132' 


141.23 (6) 


03— C3— C2 




119.0(2) 


08'— Agl— 0132' 


63.63 (6) 


03— C3— C2 




119.0(2) 


Oil— Agl— 0132' 


75.60 (6) 


N4— C3— C2 




119.2 (2) 


05"— Agl— 0132' 


87.76 (6) 


05— C5— N4 




122.3 (2) 


072— Agl— 0132' 


155.09 (5) 


05— C5— C6 




118.5 (2) 


Agl— 01— Hll 


120 (3) 


N4— C5— C6 




119.2 (2) 


Agl— 01— H12 


111 (3) 


06— C6— CI 




127.8 (2) 


Hll— 01— H12 


105.3 (9) 


06— C6— C5 




114.7 (2) 


02— 02— C2 


0(10) 


CI— C6— C5 




117.6(2) 


02— 02— Agl 


0(6) 


CI 2— C7— C8 




122.1 (2) 


C2— 02— Agl 


123.54(16) 


CI 2— C7— N13 




117.8(2) 


03— 03— C3 


0 (10) 


C8— C7— N13 




119.65 (19) 


C5— 05— Agl'" 


130.73 (17) 


08— C8— C7 




127.9 (2) 


N7— 072— Agl 


123.30(16) 


08— C8— C9 




114.66 (19) 


C8— 08— Agl' v 


134.07 (15) 


C7— C8— C9 




117.45 (19) 


Cll— Oil— Agl 


141.17 (16) 


09— C9— N10 




122.3 (2) 


N13— 0132— Agl' v 


120.06 (15) 


09— C9— C8 




118.9(2) 


H21— N2— H22 


108.8 (9) 


N10— C9— C8 




118.83 (19) 


H21— N2— H23 


111 (3) 


Oil— Cll— N10 




122.9 (2) 


H22— N2— H23 


109.0 (9) 


Oil— Cll— C12 




118.2(2) 


H21— N2— H24 


109.7 (9) 


N10— Cll— C12 




118.9(2) 


H22— N2— H24 


108 (3) 


01? P19 CI 
yj i z — v i z — I 




1 97 A (1\ 


H23— N2— H24 


110.0(9) 


012— C12— Cll 




114.6(2) 


C5— N4— C3 


124.1 (2) 


ci n ? n 1 




1 1 8 00 f 1 Q\ 


Symmetry codes: (i)x, -y+3/2, z-1/2; (ii)x+\,y, z; (iii) x— 1 , >>, z; (iv)x, 


-y+3/2, z+1/2. 






Hydrogen-bond geometry (A, °) 










D—H-A 


D — H 


R-A 


D-A 


D—H-A 


N4— H4-OH m 


0.86 


2.18 


2.979 (3) 


155 


N10— H10-O2 


0.86 


2.26 


2.945 (3) 


137 


N10— H10-O3 


0.86 


2.29 


3.030 (3) 


144 


01— H11-013P 


0.80 (3) 


2.06 (3) 


2.851 (3) 


177 (5) 
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Ol— H12-08 vi 0.80(3) 2.02 (3) 2.781 (2) 160(3) 

N2— H21-06™ 0.83 (2) 2.16 (2) 2.962 (3) 163 (3) 

N2— H22-072™ 0.83 (2) 2.20(2) 2.998 (3) 160(3) 

Symmetry codes: (iii) x~\,y, z; (v) -x+2, y-l/2, -z+1/2; (vi) -x+l,y~V2, -z+1/2; (vii) -x+\, y+l/2, -z+1/2; (viii) -x+2,y+\/2, -z+1/2. 
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